T he management of chronic lymphocytic leukemia (CLL), a malignant disorder of the lymphoid lineage (primarily B cells), has changed considerably in recent years. The development of agents targeting CD20, a transmembrane calcium channel protein expressed on B cells, was a significant milestone in the management of various lymphomas and leukemias (Cheson & Leonard, 2008; Byrd, Jones, Woyach, Johnson, & Flynn, 2014) .
Rituximab (Rituxan), the first anti-CD20 monoclonal antibody, was originally approved by the US Food and Drug Administration (FDA) in 1997 for the treatment of non-Hodgkin lymphoma and subsequently for CLL. The German CLL8 study compared fludarabine and cyclophosphamide with or without rituximab in 761 previously untreated patients with CLL and demonstrated significant improvements in complete response, median progression-free survival (PFS), and overall survival (OS) in those who received rituximab (Hallek et al., 2010) . This study thus established chemoimmunotherapy as the standard of care in young, symptomatic patients with CLL.
A second anti-CD20 monoclonal antibody, ofatumumab (Arzerra), was granted accelerated approval by the FDA in 2009 for patients with fludarabine-refractory/alemtuzumabrefractory CLL and subsequently in 2014 for previously untreated patients with CLL unable to tolerate fludarabine-based chemotherapy (Wierda et al., 2010 , GlaxoSmithKline, 2014 . This updated indication was based on a randomized trial comparing ofatumumab plus chlorambucil vs. chlorambucil alone in 447 treatmentnaive patients with CLL (Hillmen et al., 2013) . Overall response and PFS were significantly longer in the ofatumumab-chlorambucil group.
In November 2013, the third anti-CD20 monoclonal antibody, obinu-tuzumab (Gazyva), was approved by the FDA in combination with chlorambucil for patients with previously untreated CLL. The growing number of targeted immunotherapies in CLL, including obinutuzumab, may represent a paradigm shift in the management of this disease.
DRUG CLASS AND MOLECULAR TARGET
CD20 is a transmembrane calcium channel involved in B-cell activation, proliferation, and differentiation (Cheson & Leonard, 2008) . Type I anti-CD20 monoclonal antibodies, rituximab and ofatumumab, lead to complement-dependent cytotoxicity (CDC), stimulation of signaling leading to apoptosis, and antibody-dependent cell-mediated cytotoxicity (ADCC) through the recruitment of immune mediator cells (Herter et al., 2013) .
Obinutuzumab is a type II, fully humanized anti-CD20 monoclonal antibody that binds in a unique conformation to the protein epitope on the CD20 channel, which partially overlaps with the section recognized by rituximab (Bologna et al., 2011) . Due to its glycoengineered design, obinutuzumab has an increased affinity for natural killer cells, macrophages, and dendritic cells, which allows for greater ADCC than rituximab (Golay et al., 2013; Mössner et al., 2010) . Although obinutuzumab does not stabilize CD20 in lipid rafts and therefore has less CDC, it has more effective direct B-cell apoptosis than rituximab via activation of polymorphonuclear neutrophils, which results in phagocytosis and cell death (Golay et al., 2013; Mössner et al., 2010) . The broadened mechanism of action of obinutuzumab, in contrast to the mechanisms of rituximab and ofatumumab, is theorized to provide greater efficacy (Bologna et al., 2011; Golay et al., 2013) .
STUDY RESULTS
The FDA approval of obinutuzumab was based on a randomized, open-label, phase III study conducted in 781 adult patients with previously untreated CD20-positive CLL with a Cumulative Illness Rating Scale (CIRS) score of > 6, indicating a higher number of baseline comorbidities (Goede et al., 2014) . Patients were randomized to receive one of three treatments: chlorambucil monotherapy, obinutuzumab with chlorambucil, or rituximab with chlorambucil.
Patients in the obinutuzumab/chlorambucil arm demonstrated significant PFS benefit compared with both chlorambucil alone and rituximab-chlorambucil (26.7 months vs. 11.1 months and 15.2 months, respectively; p < 0.001 for both comparisons). Obinutuzumab/chlorambucil had a significant OS benefit over chlorambucil monotherapy (death rates 9% vs. 20%, respectively; p = .002); however, there was no significant OS benefit with obinutuzumab/chlorambucil vs. rituximab/ chlorambucil (death rates 8% vs. 12%, respectively; p = .08). A PFS benefit with obinutuzumab/ chlorambucil was demonstrated regardless of age, gender, lymphocyte count, or CIRS score but was not demonstrated in patients with the poor prognostic cytogenetic marker del(17p).
DOSING AND ADMINISTRATION
Prior to administration of obinutuzumab, patients should be evaluated for tumor lysis syndrome risk and hepatitis B reactivation. All patients should be tested for hepatitis B surface antigen (HBsAg) and hepatitis B core antibody (anti-HBc). If either serology is positive, consultation with an experienced physician in the management of hepatitis B is warranted to evaluate for appropriate prophylaxis and monitoring prior to initiating therapy with obinutuzumab.
The recommended dose of obinutuzumab is 1,000 mg (except in cycle 1, where 100 mg is administered on day 1 and 900 mg on day 2) as an intravenous (IV) infusion through a dedicated line (Table 1 ). The 100-mg dose is prepared in 100 mL of normal saline, whereas the 900-mg and 1,000-mg doses are prepared in 250 mL of normal saline (and are never administered as a push or bolus).
In the first cycle, patients receive three 1,000-mg doses (with the first dose split over days 1 and 2 and the second and third doses given on days 8 and 15, respectively). Patients then receive 1,000
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mg every 28 days for five additional cycles, for a total of six cycles. Obinutuzumab is approved in combination with chlorambucil, which is administered as 0.5 mg/kg orally on days 1 and 15 of each cycle (Genentech, 2014) .
Premedication with acetaminophen (650-1,000 mg) is required before each dose. Prior to the doses on days 1 and 2 of cycle 1, all patients should receive an IV glucocorticoid (20 mg of dexamethasone or 80 mg of methylprednisolone) and an antihistamine such as diphenhydramine (50 mg). For patients who experience an infusion reaction during cycle 1 (day 1 or 2), subsequent infusions require premedication with an antihistamine. Also, if the reaction was grade 3 or the patient has a lymphocyte count above 25 × 10 9 /L, an IV glucocorticoid is also required before subsequent infusions (Genentech, 2014) . Advanced practitioners should ensure that acetaminophen and antihistamine are administered 30 minutes prior and the glucocorticoid 1 hour prior to the start of the obinutuzumab infusion. Notably, hydrocortisone is not efficacious in reducing the incidence of infusion reactions and therefore is not recommended by the manufacturer (Genentech, 2014) . Management of infusion-related reactions is detailed in Table 2 .
In addition to prophylaxis for infusion-related reactions, antibacterial prophylaxis is strongly recommended throughout the duration of treatment for patients with neutropenia; antiviral and antifungal prophylaxis should also be considered. Patients with a high tumor burden or an elevated lymphocyte count > 25 × 10 9 /L should receive prophylaxis for tumor lysis syndrome with allopurinol and hydration at least 12 hours prior to the start of the first dose of obinutuzumab (Genentech, 2014) . Interruption in treatment should be considered for any patient with an infection, grade 3 or higher hematologic toxicity, or grade 2 or higher nonhematologic toxicity (Genentech, 2014) .
Obinutuzumab has not been studied in patients with creatinine clearance < 30 mL/min, hepatic impairment, or younger than age 18. No formal drug interaction studies have been conducted; however, immunization with live vaccines during treatment and until recovery of B-cell lineage is not recommended (Genentech, 2014) .
ADVERSE EFFECTS
The following adverse reactions occurred in more than 10% of clinical trial participants (n = 240) who received obinutuzumab with chlorambucil: infusion reactions (69%; 21% grade 3/4), neutropenia (40%; 34% grade 3/4), thrombocytopenia (15%; 11% grade 3/4), anemia (12%), and pyrexia and cough (10% each). Laboratory abnormalities (> 20%) were also reported, including hypocalcemia, hyperkalemia, hyponatremia, increases in serum creatinine and liver function tests, and hypoalbuminemia (Goede et al., 2014) .
Infusion reactions are the most common adverse effects reported with the use of obinutuzumab. Signs and symptoms can include hypotension; tachycardia; and respiratory symptoms such as dyspnea, wheezing, bronchospasm, irritation of the throat and larynx, and laryngeal edema.
After the first dose of obinutuzumab, the incidence of infusion reactions drops significantly (< 3%). Furthermore, in clinical trials, no grade 3 or 4 infusion reactions occurred after the first full dose. In patients who are not at risk for hyperten- sive crisis, advanced practitioners should consider withholding antihypertensive agents 12 hours prior to and during administration of obinutuzumab. Due to the risk of thrombocytopenia and hemorrhage, consideration should be given to withholding concomitant medications that may increase the risk of bleeding, especially during the first cycle. Approximately 5% of patients experienced acute thrombocytopenia within 24 hours of infusion, and all fatal hemorrhagic events occurred during the first cycle.
Obinutuzumab carries two black box warnings: hepatitis B reactivation and progressive multifocal leukoencephalopathy (PML), which results from infection with the JC (John Cunningham) virus. Patients with new onset or alterations in preexisting neurologic symptoms should be evaluated promptly, and those diagnosed with PML should not receive further treatment with obinutuzumab.
IMPLICATIONS FOR THE ADVANCED PRACTITIONER
Overall, anti-CD20 therapies have significantly improved outcomes for patients with CLL and form an integral component to the backbone of therapy for these patients. Based on the available clinical evidence, obinutuzumab is recommended as first-line treatment for elderly patients ≥ 70 years old or younger patients with multiple comorbid conditions who do not have del(11q) or del(17p) cytogenetic mutations (National Comprehensive Cancer Network, 2014) .
If a patient is deemed suitable for obinutuzumab therapy, advanced practitioners should be cognizant of the risks of hepatitis B reactivation, PML, infusion reactions, and infections before initiating treatment. Thus, appropriate premedications prior to infusions and agents for antimicrobial prophylaxis should be utilized. It is also essential to obtain a baseline hepatitis B panel before initiating treatment with obinutuzumab, as reactivations associated with anti-CD20 monoclonal antibodies have resulted in hepatic failure and death (Hwang et al., 2015) . Further research in CLL and other disease states will enhance our understanding of the safety and efficacy regarding obinutuzumab and allow advanced practitioners to optimize treatment for these patients. l 
